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Abstract 

Aims: To prospectively evaluate the relationship between left atrial volume (LAV) and the risk of clinical events in 
patients with hypertrophic cardiomyopathy (HCM). 

Methods: We enrolled a total of 141 HCM patients with sinus rhythm and normal pump function, and 102 
patients (73 men; mean age, 61 ± 13 years) who met inclusion criteria were followed for 30.8 ± 10.0 months. The 
patients were divided into two groups with or without major adverse cardiac and cerebrovascular events (MACCE), 
a composite of stroke, sudden death, and congestive heart failure. Detailed clinical and echocardiographic data 
were obtained. 

Results: MACCE occurred in 24 patients (18 strokes, 4 congestive heart failure and 2 sudden deaths). Maximum 
LAV, minimum LAV, and LAV index (LAVI) corrected for body surface area (BSA) were significantly greater in 
patients with MACCE than those without MACCE (maximum LAV: 64.3 + 25.0 vs. 51.9 + 16.0 ml, p = 0.005; 
minimum LAV: 33.9 + 15.1 vs. 26.2 ± 10.9 ml, p = 0.008; LAVI: 40.1 ± 15.4 vs. 31.5 ± 8.7 ml/mm 2 , p = 0.0009), while 
there were no differences in the other echocardiographic parameters. 

LAV/BSA of > 40.4 ml/m 2 to identify patients with cardiovascular complications with a sensitivity of 73% and a 
specificity of 88%. 

Conclusion: LAVI may be an effective marker for detecting the risk of MACCE in patients with HCM and normal 
pump function. 

Keywords: hypertrophic cardiomyopathy, left atrial volume, cardiac and cerebrovascular events, paroxysmal atrial 
fibrillation 



Introduction greater in HCM patients with PAF than in those with- 

Hypertrophic cardiomyopathy (HCM) is a complex pri- out PAF, and that LAV could more accurately predict 

mary and genetically transmitted cardiac disease with the occurrence of PAF than could LA dimension [6]. 

diverse clinical courses that include a stable clinical Furthermore, it was recently shown that a dilated LA 

course, progressive congestive symptoms requiring ther- volume at baseline, a rapid increase in LA volume, and 

apeutic intervention, and sudden cardiac death [1,2]. a New York Heart Association functional class were 

Paroxysmal atrial fibrillation (PAF) is a common compli- independent predictors of unfavorable outcomes in 

cation of HCM [3-5], often leading to acute or progres- patients with HCM [7]. 

sive heart failure and cerebral infarction. We previously In the present study, we investigated the clinical sig- 

showed that left atrial volume (LAV) was significantly nificance of echocardiographic LAV, as well as other 

echocardiographic and clinical parameters, in HCM 
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more, HCM patients were assessed for major adverse 
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cardiac and cerebrovascular events (MACCE), and the 
relationship between LAV and MACCE was determined. 

Methods 

Study patients 

We studied 141 consecutive patients diagnosed with 
HCM by two-dimensional echocardiography at our 
institution between January 2000 and February 2002. 
Exclusion criteria were chronic AF, other arrhythmias, 
prior stroke, permanent pacemaker implantation, and 
poor imaging. In this study, we excluded the patients 
with left ventricular (LV) outflow tract obstruction. 

The final population consisted of 102 patients who met 
inclusion criteria. Although patients with hypertension 
were included in our study, the vast majority of hyperten- 
sive subjects carried only mild or well-controlled hyper- 
tension. All patients had normal pump function and were 
in sinus rhythm at the time of examination. 

Echocardiography 

In each patient, the diagnosis of HCM was made on the 
basis of a two-dimensional echocardiographic finding of 
a hypertrophied and non-dilated LV (wall thickness = 
15 mm), in the absence of any cardiac or systemic dis- 
ease capable of producing a comparable magnitude of 
LV hypertrophy. The greatest thickness measured at any 
site in the LV wall was considered to represent the max- 
imal wall thickness. All patients except apical hypertro- 
phy had asymmetric septal hypertrophy and septum/ 
posterior wall thickness ratio of 1.3 or more. LAVs were 
assessed off-line using the modified biplane area-length 
method. LAV was determined at the time of mitral 
valve opening (maximal volume) and mitral valve clo- 
sure (minimal volume). The area of the left atrium was 
determined by tracing the endocardial border of the left 
atrium in apical four-chamber and apical long-axis 
views. The length of the left atrium was measured from 
the midline of the mitral annulus to the opposite wall. 
Both the absolute volume (LAV) and the maximum 
volume indexed to body surface area (BSA) (LAV/BSA) 
were determined. LAV data were measured by an inde- 
pendent observer blinded to the groups. 

Other echocardiographic parameters were obtained 
from the echocardiography reports. We retrieved LA dia- 
meter, LV end-systolic and end-diastolic dimensions, LV 
septal and posterior wall thickness, LV ejection fraction 
(EF), peak mitral flow velocity of the early rapid filling 
wave (E), peak velocity of the late filling wave due to atrial 
contraction (A), the E/A ratio, and the deceleration time 
of the early mitral filling wave (DcT). LA diameter was 
measured in a parasternal long-axis view. LA diameter and 
LV wall thickness were obtained according to the stan- 
dards of the American Society of Echocardiography (ASE) 
[8]. EF was calculated from apical two-and four-chamber 



views according to the biplane modified Simpson rule. 
The cut-off used for normality of EF was 60%. 

The severity of mitral regurgitation (MR) was semi- 
quantitatively evaluated by color Doppler echocardiogra- 
phy in the apical four-chamber view. We measured MR 
jet area and LA area and calculated the ratio of MR jet 
area to LA area. They were graded as none, mild (ratio 
jet area/LA area <20%), and moderate or severe (jet 
area/LA area > 20%). 

Identification of PAF 

Clinical information was obtained from medical records. 
All patients were followed up in our hospital. The pre- 
sence of PAF was documented by either 12-lead resting 
electrocardiogram (ECG) or 24 h ambulatory ECG. The 
patients with PAF had at least one symptomatic episode. 
The patients with sinus rhythm were free from chest 
symptoms and documentation of PAF using the above cri- 
teria. No patients were complicated with congestive heart 
failure or other arrhythmias at the time of examination. 

Follow-up data 

We followed up the study patients for a follow-up of 
30.8 ± 10.0 months (median, 31 months; longest obser- 
vation, 80 months). The primary endpoints were major 
adverse cardiac and cerebrovascular events (MACCE), 
defined as hospitalization for worsening congestive heart 
failure, a composite of stroke and sudden cardiac death. 
Sudden cardiac death was defined as unexpected sudden 
cardiac collapse within one hour of new symptoms or 
nocturnal death with no antecedent history of worsening 
of symptoms. MACCE data were obtained from charts 
or by telephone interview with the patients. 

Statistical analysis 

All continuous variables are expressed as mean ± SD if 
the values were parametrically distributed. Values were 
compared between the groups by unpaired Student's t 
test as they were parametrically distributed. A p-va\ue 
<0.05 was considered statistically significant. Receiver 
operating characteristics (ROC) curve analysis to deter- 
mine the optimal cut-off values for the maximum LAV, 
and LAV/BSA was used to distinguish HCM patients at 
higher risk of MACCE. Survival curves were constructed 
according to the Kaplan-Meier method. Multivariate 
Cox regression analysis was performed to assess echo- 
cardiographic parameters for MACCE. All statistical 
analyses were performed using SPSS statistical software 
(Version 11; SPSS Inc., Chicago, IL, United States). 

Results 

Baseline characteristics 

Of the 141 consecutive patients eligible for the present 
study, 102 patients (61 ± 13 years) were followed up for 
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the occurrence of MACCE. The median follow-up per- 
iod was 30.8 months (range, 12-80 months). MACCE 
occurred in 24 patients (Group A), while the remaining 
78 patients showed no signs of MACCE (Group B). The 
baseline clinical characteristics of the study population 
are summarized in Table 1. The prevalence of hyperten- 
sion and PAF was significantly higher in Group A than 
in Group B. There were no significant differences in any 
other clinical and laboratory variables between the two 
groups. 

In Group A, during follow-up, there were 24 events of 
MACCE: 18 strokes, 4 congestive heart failure and 2 
sudden deaths (Table 2). In 18 patients presented with 
stroke, the rhythm of 7 patients was atrial fibrillation at 
the time of complications. 

Morphologic classification of HCM 

The study patients included 21 patients with apical 
hypertrophy, seven patients with basal hypertrophy, four 
patients with diffuse hypertrophy of the ventricular sep- 
tum, 61 patients with diffuse hypertrophy of the ventri- 
cular septum and the antero-lateral free wall, and nine 
patients with hypertrophy of the lateral wall (Table 3). 

LV function 

All patients had normal pump function. LV end-diastolic 
dimension, LV end-systolic dimension, interventricular 



Table 1 Baseline clinical characteristics of the study 
population 





Total 


Group A 


Group B 


P-value 


Age 


61 ± 13 


64 ± 12 


59 ± 12 


0.14 


Male 


73 (72%) 


18 (74%) 


55 (71%) 


0.63 


BPs (mmHg) 


130 ± 19 


137 ± 23 


128 ± 17 


0.04 


BPd (mmHg) 


77 ± 10 


79 ± 10 


76 ± 10 


0.14 


Height (m) 


1 .62 ± 0.09 


1 .60 ± 0.08 


1 .63 ± 0.09 


0.12 


Weight (kg) 


61.8 ± 11.1 


61.9 ± 9.6 


61.7 ± 11.8 


0.94 


BSA (m 2 ) 


1.67 ± 0.18 


1.65 ± 0.16 


1 .67 ± 0.1 9 


0.75 


History of 
HT 


43 (42%) 


16 (67%) 


27 (35%) 


<0.0001 


DM 


10 (10%) 


3 (13%) 


7 (9%) 


0.37 


HL 


49 (48%) 


1 2 (50%) 


37 (47%) 


0.67 


PAF 


23 (23%) 


1 3 (54%) 


10 (13%) 


<0.0001 


Medications 
Aspirin 


15 (15%) 


8 (33%) 


7 (9%) 


<0.0001 


Warfarin 


4 (17%) 


4 (17%) 


0 


<0.001 


Calcium ant. 


41 (40%) 


11 (46%) 


30 (38%) 


0.25 


Beta-blockers 


44 (43%) 


11 (46%) 


33 (42%) 


0.57 


Diuretics 


6 (6%) 


3 (13%) 


3 (4%) 


0.02 


ACE inhibitor 


19 (19%) 


8 (33%) 


11 (14%) 


0.002 



BPs, systolic blood pressure; BPd, diastolic blood pressure 
BSA, body surface area; PAF, paroxysmal atrial fibrillation 



Table 2 Events of 24 patients with Hypertrophic 


Cardiomyopathy 




Events 


N = 24 


stoke 


18 (75%) 


congestive heart failure 


4 (1 7%) 


sudden death 


2 (8%) 



septal wall thickness, and EF were not significantly differ- 
ent between Group A and Group B (Table 4). LV diasto- 
lic functions are also shown in Table 4, and there were 
no differences between the two groups. 

Incidence and severity of MR 

Only 10 patients had moderate or severe MR. In Group 
A, four patients (17%) had moderate or severe MR. The 
prevalence and the severity of MR were significantly 
greater in Group A than in Group B (Table 4). 

LA size 

Although there were no significant differences in LA 
diameter between the two groups maximum LAV, 
minimum LAV, and LAV/BSA were significantly 
greater in Group A than in Group B (Table 4). ROC 
curve analysis revealed a maximum LAV of > 62.7 ml 
to identify patients with cardiovascular complications 
with a sensitivity of 73% and a specificity of 82% (area 
under ROC curve = 0.853). ROC curve analysis 
revealed a LAV/BSA of > 40.4 ml/m 2 to identify 
patients with cardiovascular complications with a sen- 
sitivity of 73% and a specificity of 88% (area under 
ROC curve = 0.864) (Figure 1). 

The Kaplan-Meier analysis also showed poor out- 
comes for MACCE in patients with LAV/BSA > 41 ml/ 
m 2 (p = 0.001, Log-rank test) (Figure 2). 

From our study, there were no patients with MACCE 
in the group with a LAV/BSA < 41 ml/m 2 after 33 
months. By multivariate Cox regression analysis, LAV/ 
BSA was an independent predictor for MACCE (Table 5). 



Table 3 Morphologic classification of HCM 





Total 


Group A 


Group B 


p-value 


APH 


21 (21%) 


6 (25%) 


15 (19%) 


0.31 


Type 1 


7 (7%) 


1 (4%) 


6 (8%) 


0.23 


Type 2 


4 (4%) 


1 (4%) 


3 (4%) 


1.00 


Type 3 


61 (60%) 


14 (59%) 


47 (60%) 


0.89 


Type 4 


9 (9%) 


2 (8%) 


7 (9%) 


0.80 



APH, apical hypertrophy 

Type 1, basal septal hypertrophy 

Type 2, diffuse hypertrophy of the ventricular septum 

Type 3, diffuse hypertrophy of the ventricular septum and antero-lateral free 
wall 

Type 4, hypertrophy of the lateral wall 
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Table 4 Baseline echocardiographic characteristics of the 
study population 

Total Group A Group B p-value 

LAD (cm) 3.81 ± 0.60 3.91 ± 0.56 3.80 ± 0.59 0.40 

LAV, max (ml) 54.6 ±19.2 64.3 ± 25.0 51.9 ±16.0 0.005 

LAV, min (ml) 27.9 ±12.4 33.9 ±15.1 26.2 ± 10.9 0.008 

LAV/BSA (ml/m 2 ) 34.0 ±11.8 40.1 ± 154 31.5 ± 8.7 0.0009 

LVD, diastole (cm) 4.34 ± 0.89 4.36 ± 0.51 4.33 ± 0.49 0.77 

LVD, systole (cm) 2.59 ± 0.54 2.64 ± 0.50 2.57 ± 0.55 0.62 

IVS (cm) 1 .56 ± 0.43 1 .59 ± 0.45 1 .50 ± 0.40 0.37 

EF (%) 66.8 ± 6.6 67.5 ± 6.2 66.5 ± 6.8 0.53 

E/A 1 .04 ± 0.4 1 .2 ± 0.4 1 .0 ± 0.4 0.42 

DcT(msec) 244 ± 79 243 ± 71 254 ±103 0.57 

MR 15(15%) 2(8%) 13(17%) 0.05 
None 

Mild 77 (76%) 18(75%) 59 (76%) 0.87 

Moderate or severe 10(10%) 4(17%) 6(7%) 0.03 

LAD, left atrial diameter; LAV, left atrial volume 

BSA, body surface area; LVD, left ventricular dimension 

IVS, intraventricular septum; EF, ejection fraction 

E/A, ratio of early to late transmittal peak flow velocity 

DcT, deceleration time; MR, mitral regurgitation 



Discussion 

In the present study, LA volume assessed by echocardio- 
graphy was strongly associated with future risk of 
MACCE (a composite of stroke, sudden death, and con- 
gestive heart failure) in HCM patients with normal 
pump function. However, LA diameter, a standard mea- 
sure used to assess LA size, was not associated with the 
risk of MACCE. A previous study reported that HCM 
patients have a 4-6-fold increased risk of developing AF 
compared with the general population [5]. Furthermore, 
once AF has developed the risk of ischemic stroke may 
increase 8-fold in HCM patients relative to HCM 
patients with sinus rhythm, presumably via an increase 
in cardioembolic stroke [9]. In our study the risk of 
stroke was comparable between patients with chronic 
AF and PAF. 

Outcome and LA volume 

We previously reported that LA volume in sinus rhythm 
may be a strong predictor of future AF in patients with 
HCM [6]. Mild LA enlargement is common in HCM, 
and may be a consequence of impaired diastolic func- 
tion associated with the thickened and noncompliant 




1-Spec. 

Figure 1 Receiver operating characteristics curve for determining the optimal cut-off value for identifying patients with cardiovascular 
complications from maximum left atrial volume (LAV), minimum LAV and LAV corrected to body surface area (LAV/BSA); Sen., 
sensitivity; Spec, specificity. 
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Figure 2 Kaplan-Meier curves for MACCE, with the log-rank test (p = 0.001) 



LV [10. 11]. Although assessment of LA enlargement 
appears to provide important information about the 
patients' outcome, unidimensional M-mode LA diameter 
cannot accurately measure LA size [12]. Similar to that 
previously described, our series indicated that LA 
volume was a better predictor of PAF and MACCE than 
was superior LA diameter [6,13-15]. 

AF and stroke 

LA dilatation promotes stasis of blood, which in turn 
predisposes to thrombus formation and the potential for 



Table 5 Predictors of MACCE by Cox regression 
multivariable analysis 





RR(95% CI) 


Significance 


LAD (cm) 


0.86 (0.22-3.36) 


0.83 


LAV, max (ml) 


1.03 (0.95-1.11) 


0.51 


LAV, min (ml) 


0.98 (0.90-1 .06) 


0.57 


LAV/BSA (ml/m 2 ) 


0.88 (0.80-0.97) 


0.009 



LAD, left atrial diameter; LAV, left atrial volume 
BSA, body surface area; 



embolization. In our study, LA size was associated with 
important risk factors for stroke and death. These obser- 
vations underline the benefits of defining clinical mar- 
kers able to non-invasively identify those patients with 
HCM who are at risk of developing PAF and suffering 
complication. 

There are several factors that may influence outcome 
in patients with HCM and the occurrence of stroke and 
LA enlargement. 

Indeed, in this study, Group A had a significantly 
greater number of patients with hypertension and PAF 
both of which may predispose to stroke and heart 
failure. 

MR influences also in a relevant fashion LA volumes. 
In our study, Group A had a significantly greater num- 
ber of patients with severe MR. 

Echocardiography and risk for sudden death assessment 

Using two-dimensional echocardiographic measure- 
ments, Spirito et al. showed that the risk of sudden 
death increased progressively in direct relation to wall 
thickness [3]. But, there were no significant differences 
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of the distribution of hypertrophy between two groups 
in our study. 

Previous paper showed that LV outflow tract obstruc- 
tion is associated with an increased risk of sudden death 
[16]. Otherwise, Losi MA et al. showed that there was 
no statistical differences between patients with and with- 
out obstruction on outcome [7]. 

Clinically, HCM patients without obstruction were 
sometimes occurred complications. There were some 
clinical significances of echocardiographic parameters in 
patients with nonobstructive hypertrophic 
cardiomyopathy. 

Study limitations 

First, the method we used for detection of PAF based on 
clinical documentation with electrocardiographic confir- 
mation may have underestimated the actual incidence of 
PAF. Some patients with AF may have been asympto- 
matic, and if they did not present to the hospital then 
the arrhythmia could have remained undetected. How- 
ever, all patients presented at least once to our hospital 
within a 1-year period. 7 of 18 patients were in AF at 
the time they presented with a stroke. Second, we only 
measured the LA volume at baseline, not during follow- 
up. As the dilatation rate of LA volume may also be an 
important prognostic factor in patients with HCM. And 
in our study, we did not investigate the patients with LV 
outflow obstruction. Previous paper showed that LV 
outflow tract obstruction is associated with an increased 
risk of sudden death [16]. In this study, we excluded the 
patients with obstruction. We investigated whether LA 
volume predict adverse cardiac and cerebrovascular 
events in HCM patients, as exclusive for the influence 
of LV outflow tract obstruction. Finally, diastolic dys- 
function is determined with deceleration time of LV 
inflow, occult systolic dysfunction detected with tissue 
Doppler analysis. We did not use tissue Doppler ima- 
ging in our study. 

Nistri s et al. reported that body mass index and the 
ratio of early diastolic peak LV inflow velocity to peak 
myocardial early diastolic velocity (E/e') ratio affect 
LAV/BSA only in non-athletes. Many factors may influ- 
ence LA volume [17]. 

Conclusion 

LAV indices are sensitive markers for detecting the risk 
of MACCE in patients with HCM who show normal 
pump function. 

List of abbreviations 

HCM: hypertrophic cardiomyopathy; PAF: paroxysmal atrial fibrillation; LAV: 
left atrial volume; MACCE: major adverse cardiac and cerebrovascular events; 
LV: left ventricular; BSA: body surface area; EF: ejection fraction; MR: mitral 
regurgitation; ECG: electrocardiogram. 



Authors' contributions 

TY, HN, TK, YF and JK performed echocardiography. 
All authors read and approved the final manuscript. 

Competing interests 

The authors declare that they have no competing interests. 

Received: 26 September 2011 Accepted: 18 November 2011 
Published: 18 November 201 1 

References 

1. Williams LK, Frenneaux MP, Steeds RP: Echocardiography in hypertrophic 
cardiomyopathy diagnosis, prognosis, and role in management. Eur J 
Echocardiogr 2009, 10:iii9-iiil4. 

2. Efthimiadis GK, Pliakos C, Pagourelias ED, Parcharidou DG, Ginnakoulas G, 
Kamperidis V, Hadjimiltiades S, Karvounis C, Gavrielidis S, Styliadis IH, 
Parcharidis G: Identification of high risk patients with hypertrophic 
cardiomyopathy in a northern Greek population. Cardiovascular 
Ultrasound 2009, 7:37. 

3. Spirito P, Chiarella F, Carratino L, Berisso MZ, Bellotti P, Vecchio C: Clinical 
course and prognosis of hypertrophic cardiomyopathy in an out patient 
population. N Engl J Med 1989, 320:749-55. 

4. Higashikawa M, Nakamura Y, Yoshida M, Kinoshita M: Incidence of 
ischemic strokes in hypertrophic cardiomyopathy is markedly increased 
if complicated by atrial fibrillation. Jpn Ore J 1997, 61:673-81. 

5. Maron BJ, Olivotto I, Bellone P, Conte MR Cecchi F, Flygenring BP, 
Casey SA, Gohman TE, Bongioanni S, Spirito P: Clinical profile of stroke in 
900 patients with hypertrophic cardiomyopathy. J Am Coll Cardiol 2002, 
39:301-7. 

6. Tani T, Tanabe K, Ono M, Yamaguchi K, Okada M, Sumida T, Konda T, 
Fujii Y, Kawai J, Yagi T, Sato M, Ibuki M, Katayama M, Tamita K, Yamabe K, 
Yamamuro A, Nagai K, Shiratori K, Morioka S: Left atrial volume and the 
risk of paroxysmal atrial fibrillation in patients with hypertrophic 
cardiomyopathy. J Am Soc Echocardiogr 2004, 17:644-8. 

7. Losi MA, Betocchi S, Barbati G, Parisi V, Tocchetti CG, Pastore F, Migliore T, 
Contaldi C, Caputi A, Romano R, Chiariello M: Prognostic significance of 
left atrial volume dilatation in patients with hypertrophic 
cardiomyopathy. J Am Soc Echocardiogr 2009, 22:76-81 . 

8. Henry WL, DeMaria A, Gramiak R, King DL, Kisslo JA, Popp RL, Sahn DJ, 
Schillar NB, Tajik A, Teichholz LE, Weyman AE: Report of the American 
Society of Echocardiography committee on nonmenclature and 
standards in two-dimensional echocardiography. Circulation 1980, 
62:212-7. 

9. Olivotto I, Cecchi F, Casey SA, Dolara A, Traverse JH, Maron BJ: Impact of 
atrial fibrillation on the clinical course of hypertrophic cardiomyopathy. 
Circulation 2001, 104:2517-24. 

10. Losi MA, Betocchi S, Grimaldi M, Spampinato N, Chiariello M: Heterogeneity 
of left ventricular filling dynamics in hypertrophic cardiomyopathy. Am J 
Cardiol 1994, 73:987-90. 

11. Appleton CP, Galloway JM, Gonzalez MS, Gaballa M, Basnight MA: 
Estimation of left ventricular filling pressure using two-dimensional and 
Doppler echocardiography in adult patients with cardiac disease: 
additional value of analyzing left atrial size, left atrial ejection fraction 
and the difference in duration of pulmonary venous and mitral flow 
velocity at atrial contraction. J Am Coll Cardiol 1993, 22:1972-82. 

12. Laster SJ, Ryan EW, Schiller NB, Foster E: Best method in clinical practice 
and in research studies to determine left atrial size. Am J Cardiol 1999, 
84:829-32. 

13. Benjamin EJ, D'Agostino RB, Belanger AJ, Wolf PA, Levy D: Left atrial size 
and the risk of stroke and death.: The Framingham Heart Study. 
Circulation 1995, 92:835-41. 

14. Vaziri SM, Larson MG, Benjamin EJ, Levy D: Echocardiographic predictors 
of nonrheumatic atrial fibrillation: The Framingham Heart Study. 
Circulation 1994, 89:724-30. 

15. Diamond PM, Marra MA, Gersh BJ, Wiebers DO, Petty GW, Seward JB: Left 
atrial volume: important risk marker of incident atrial fibrillation in 1655 
older man and women. Mayo Clin Proc 2001, 76:467-75. 

16. Elliott PM, Gimeno JR, Tome MT, Shah J, Ward D, Thaman R, Mogensen J, 
Mckenna WJ: Left ventricular outflow tract obstruction and sudden 
death risk in patients with hypertrophic cardiomyopathy. Eur Heart J 
2006, 27:1933-41. 



Tani et al. Cardiovascular Ultrasound 201 1, 9:34 
http://www.cardiovascularultrasound.eom/content/9/1/34 



Page 7 of 7 



17. Nistri S, Galderisi M, Ballo P, Olivotto I, D'Andrea A, Santoro A, Pagesso B, 
nnelli P, Cecchi F, Mondillo S: On behalf of the Working Group on 
Echocardiography of the Italian Society of Cardiology. Determinants of 
echocardiographic left atrial volume: implications for normalcy. Eur J 

Echocardiogr 201 1. 



doi:1 0.1 1 86/1 476-71 20-9-34 

Cite this article as: Tani et at Left atrial volume predicts adverse 
cardiac and cerebrovascular events in patients with hypertrophic 
cardiomyopathy. Cardiovascular Ultrasound 201 1 9:34. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at S~\ RioM _j r P ntral 

www.biomedcentral.com/submit \ J BHMWea l-entrai 



